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A Cellular Phone 



10 call by using a melody, and particularly to a cellular phone suitable to generate receiving 
sound that^jeeftsi4te.of a plurality of tones. 



BACKGROUND OF THE INVENTION 
The present invention relates to a cellular phone that signals receipt of a 
ing a melo( 
sound that'eefisi^te. c 
""Ttescriptiefl-i^rfRe lat e dA ft^ 
Q A conventional receiving sound generator of a cellular phone supplies a 

^ signal corresponding to a melody stored in a memory to a speaker as it is. 

01 15 Since smaller size and lighter weight is required of a cellular phone, a 

.p speaker for producing receiving sound used in the cellular phone is of small size. 

?J Generally, a speaker with a diameter of about 20 mm is used. In such a small-sized 

s speaker, a frequency range is limited to that between a low frequency of about 400 Hz 

and a high frequency of about 8 kHz. In this frequency range, a range of about 600 Hz to 
:^ 20 about 5 kHz allows a sufficient level of sound pressure to be generated. Conventionally, 
O when a signal corresponding to a receiving melody is supplied to such a speaker, the 

inputted signal is not outputted as sound in a range lower than 400 Hz or in a range higher 
than 8 kHz, and yet only electric power is consumed. On the other hand, the power 
allowed to be inputted to a speaker includes power consumed in a frequency range where 
25 a signal is not outputted as sound. Therefore, if an input signal includes a signal outside 
of a frequency range of 400 Hz to 8 kHz, the level of the input signal in the frequency 
range of 400 Hz to 8 kHz needs to be lowered in order to control the input power to 
within an allowable value. The level of the input signal needs to be controlled to a low 
level especially when a melody is to be accompanied by a chord, because the chord may 
30 include a signal for high-pitched sound or low-pitched sound that falls outside of the 

frequency range of 400 Hz to 8 kHz. Thus, it has been difficult to increase the volume of 
receiving sound. - AI g q^ m order to solve this problem, supplying an input signal through a 
bandpass filter has been considered. However, the method of supplying an input signal 
through a bandpass filter has a problem in that if a melody includes a note having a 
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frequency outside of the frequency range of 400 Hz to 8 kHz, the note is omitted, thereby 

resulting in an- mmatum t m^ody. If a melody is accompanied by a chord and one of the 
^ A. 

chord notes falls outside of the frequency range of 400 Hz to 8 kHz, the chord is not 
formed, and therefore the sound may be perceived as strange when the melody is heard. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide a cellular phone that makes 
it possible to reproduce a melody for signaling receipt of a call without impairing musical 
data, and to increase the volume of receiving sound. 

In order to solve the problem described above, there is provided a melody 
sound reproducing unit according to the present invention, comprising: a speaker for 
providing specified output in a range between a first frequency and a second frequency; a 
signal generating means for supplying an audio signal to the speaker; a memory means 
for storing signal data corresponding to an audio signal to be generated by the signal 
generating means; and a control means for controlling the signal generating means based 
on the signal data; wherein the signal data is stored in the memory means when the 
frequency of the corresponding audio signal is in a range between the first frequency and 
the second frequency, and the audio signal whose frequency is in a range between the first 
frequency and the second frequency is supplied to the speaker. 

In addition, in order to solve the problem described above, there is 
provided a melody sound reproducing method for a melody sound reproducing unit 
according to the present invention, the reproducing unit including a speaker for providing 
specified output in a range between a first frequency and a second frequency; a signal 
generating means for supplying an audio signal to the speaker; a memory means for 
storing signal data corresponding to an audio signal to be generated by the signal 
generating means; and a control means for controlling the signal generating means based 
on the signal data; wherein the signal data is stored in the memory means when the 
frequency of the corresponding audio signal is in a range between the first frequency and 
the second frequency, and the audio signal whose frequency is in a range between the first 
frequency and the second frequency is supplied to the speaker. 

In a preferred embodiment, the memory means stores a plurality of pieces 
of signal data having first tone data in specified order and stores a plurality of pieces of 
signal data having second tone data in specified order, and the control means controls the 



signal generating means in such a manner that an audio signal corresponding to the signal 
data having the first tone data and an audio signal corresponding to the signal data having 
the second tone data are generated simultaneously. 

In another preferred embodiment, when an audio signal corresponding to 
5 the signal data having the first tone data and an audio signal corresponding to the signal 
data having the second tone data are generated simultaneously, the audio signal 
corresponding to the signal data having the first tone data and the audio signal 
corresponding to the signal data having the second tone data form a chord relation with 
each other in terms of their intervals and scales. 
10 According to the present invention, it is possible to provide a cellular 

phone that makes it possible to reproduce a melody for signaling receipt of a call without 
impairing musical data, and to increase the volume of receiving sound. 

BRIEF DESCRIPTION OF THE DRAWINGS 
15 Fig. 1 is a block diagram showing the circuit configuration of a cellular 

phone according to a first embodiment of the present invention; 

Fig. 2 is an exploded perspective view of the structure of a cellular phone 
according to a first embodiment of the present invention; 

Fig. 3 is a perspective view of the circuit board of a cellular phone 
20 according to a first embodiment of the present invention; 

Fig. 4 is a perspective view of the outward appearance of a cellular phone 
according to a first embodiment of the present invention; 

Fig. 5 is a graph showing the frequency characteristics of the speaker of a 
cellular phone according to a first embodiment of the present invention. 
25 Fig. 6 shows the relation between the chords and the frequencies of note 

data used for a cellular phone according to a first embodiment of the present invention; 

Fig. 7 is a flowchart showing a frequency shift of a cellular phone 
according to a first embodiment of the present invention; 

Fig. 8 is a flowchart showing a frequency shift of a cellular phone 
30 according to a second embodiment of the present invention; and 

Figs. 9(a) and 9(b) are charts showing the frequency characteristics of the 
speaker of a cellular phone according to a second embodimprU of tfie present invention as 



well as a frequency distribution of note data before and after st^pedMp; Fig. 9(a) being a 



ft hsLuO 



characteristic chart showing the frequency distribution of the note data before stepped up 

A 

and Fig. 9(b) being a characteristic chart showing the frequency distribution of the note 
data aft 



5 DESCRIPTION OF THE SPECIFIC EMBODIMENTS 

A first embodiment of the present invention will be described with 
reference to Figs. 1 to 7. 

As shown in Fig. 1, a cellular phone according to the first embodiment of 
the present invention is provided with an antenna 10, a high-frequency circuit unit 20 
10 connected with the antenna 10, an audio circuit unit 30 connected with the high-frequency 
circuit unit 20, and a speaker 40, a receiver 46, and a microphone 48 (hereinafter referred 
^ to as a mike) connected with the audio circuit unit 30. The audio circuit unit 30 includes 

^ an FM sound source 35 that generates receiving sound. The cellular phone according to 

the first embodiment is fiirther provided with a CPU 60 as a control means for controlling 
J;: 15 various functions. The CPU 60 controls the high-frequency circuit unit 20 and the audio 
ry circuit unit 30 according to a control program stored in a memory 80 that is connected to 

Q the CPU 60. The CPU 60 is connected with a control unit 70 and a display unit 50. The 

It CPU 60 controls the high-frequency circuit unit 20 and the audio circuit unit 30 also 

m according to input from the control unit 70 based on^cOTfrol program^^d displays on 

^ 20 the display unit 50 information necessary for^^^^tiiLati^^^e^s^^oIr dfctric waves, 
the telephone number of the person at the other end of a phone call, e-mail addresses, and 
e-mail data to be received or transmitted, and the like^ or information necessary for the 
user of the cellular phone. 

As shown in Figs. 2 and 3, the high-frequency circuit unit 20, the audio 
25 circuit unit 30, the CPU 60, the memory 80, the control unit 70, the display unit 50, the 
speaker 40, the receiver 46, and the mike 48 are mounted on a circuit board 65. For the 
convenience of description, suppose that the side where the control unit 70 is mounted is 
a front side, and the opposite side is a rear side. Then the control unit 70, the display unit 
50, the receiver 46, and the mike 48 are mounted on the front side of the circuit board 65, 
30 while the high-frequency circuit unit 20, the audio circuit unit 30, the CPU 60, the 

memory 80, and the speaker 40 are mounted on the rear side of the circuit board 65. The 
high-frequency circuit unit 20 is covered with a shield 20a, and the speaker 40 is placed 
on the surface of the shield 20a with an elastic member situated intermediate between the 
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speaker 40 and the surface of the shield 20a. On a side of the circuit board 65 where the 
mike 48 is placed, there is provided a connector 66 for connection with a charging adapter 
or for data communication with a personal computer (hereinafter referred to as PC) or the 
0^ like. A casing 90 ^onsijt & of a case 92 and a cover 94. The case 92 covers the rear side 

5 of the circuit board 65, while the cover 94 covers the front side of the circuit board 65. 
The antenna 10, which is capable of telescoping, is placed on a side of the case 92 where 
the speaker 40 is mounted, and connected to the high-frequency circuit unit 20 via a 
contact piece 10a provided on the rear side of the circuit board 65 in an entirely housed 
state or in an entirely extended state. A cover 66a that can open and close is provided on 
10 a side of the case 92 that is opposite to the antenna 10 side so as to cover an opening of 



the connector 66. A battery housing unit 92a for housing a rechargeable battery 9 J is . 7^ 



formed on the external surface of the rear ^ide of the case 92. 

As shown in Fig. 4, there -a^^iprovided on the cover 94 the receiver 46, the 
display unit 50, the control unit 70, and the mike 48 along a direction from the antenna 10 
% 15 side to the cover 66a side. 

J The cellular phone according to the first embodiment has a functign of 

reproducing a melody on receiving a call, instead of a bell sound. Data-e» tne melcg^y is 

stored in a melody memory unit 85 in the memory 80. The melody is reproduced mainly 

1 from four types of melody data, that is, : (1) fixed melody data stored in the melody 

20 memory unit 85 when the cellular phone is manufactured; (2) melody data downloaded 

via the Intemet after the user purchased the cellular phone, and stored in the melody 

memory unit 85; (3) melody data transferred via e-mail after the user purchased the 

cellular phone, and stored in the melody memory unit 85; and (4) melody data created by 

the user by using a terminal such as a PC after the user purchased the cellular phone, and 

25 stored in the melody memory unit 85. 

The melody is formed by inputting note data including tone data for 

imitatin^tiie^tone of a music^H^s^ament, as^^^U as data on intervals, scales, and sound 

length. •^4ite^;mT^^Sap5w o^bas^Tones including those of a piano, a 

A 

guitar, a flute, and a synthesizer. If necessary, the variety of sound expression can be 
30 increased by adding other tone data. 

Fig. 5 is a graph showing the frequency characteristics of the speaker of 
the first embodiment. The speaker 40 is capable of outputting an input signal in the form 
of sound waves in a frequency range between fcl, the lowest frequency, and fc2, the 



highest frequency. According to the first embodiment, fcl is 400 Hz, and fc2 is 8 kHz. 
The speaker 40 has substantially flat output characteristics particularly in a frequency 
range of fl to f 2, and the characteristic peak is set at a frequency fQ, which is used to 
reproduce the bell sound of the phone. According to the first embodiment, fl is 600 Hz, 
5 and f2 is 5 kHz. Also, the frequency fQ is 2 kHz to 3 kHz, and the peak is set in such a 
way that a standard bell sound (ON for one second at a frequency of 2 kHz to 3 kHz and 
OFF for two seconds) can be produced at a high sound volume level of about 95 dB. 

The range between 600 Hz to 5 kHz provides excellent conversion 
efficiency, and therefore provides a high level of sound pressure even with a little electric 

10 power. In the first embodiment, note data is set in such a way that a melody can be 

formed within a range between a first frequency fcl of 400 Hz and a second frequency 
fc2 of 8 kHz. As shown in Fig. 6, of the scale chords, G#3 (415.3 Hz) exceeds the 
frequency of 400 Hz; however, a frequency equal to a scale chord A3 (440.0 Hz) or 
higher than the scale chord A3 is used in the first embodiment to prevent power 

15 consumption at the frequency fcl or lower. 

In order to form a melody, tone data and note data are stored in specified 
order in the melody memory unit 85, which serves as a memory means. In the first 
embodiment, a melody is reproduced with an accompanying chord. For the tone of the 
chord, the tone of a musical instrument different from that playing the melody is used. In 

20 this case, tone data (first tone data) corresponding to the musical instrument that plays the 
melody and note data to be played with the tone data are stored in specified order in the 
melody memory unit 85. Also, tone data (second tone data) corresponding to the musical 
instrument that plays the chord notes and note data to be played with the tone data are 
stored in specified order in the melody memory unit 85, Depending on the musical 

25 number, a plurality of pieces of note data to be played with thircLtone data, a plurality of 
pieces of note data to be played with fourth tone data, lll/ahg also storeli in specified order 
in the melody memory unit 85. The CPU 60 serving as a" control means controls the FM 
sound source 35 in such a manner that the FM sound source 35 serving as a signal 
generating means generates an audio signal corresponding to the melody and an audio 

30 signal corresponding to the chord notes with predetermined timing. The timing is set in 
such a manner as to make the person hearing the melody perceive the chord. More 
specifically, the timing is set in such a manner as to make the audio signals simultaneous, 



or make a time difference between the audio signals controlled to such a degree that the 
audio signals are perceived as simultaneous. 

A sound imitating an acoustic bass and other musical instruments that 
produce low-pitched sound, for example, is used in some cases as the tone of the chord. 
5 In this case, the scale frequency of the inputted note data can be lower than fcl, 

depending on the melody. In a case where fixed melody data is stored in the melody 
memory unit 85 when the cellular phone is manufactured, or in a case where melody data 
is created by the user by using a terminal such as a PC after the user purchased the 
cellular phone, and stored in the melody memory unit 85, a melody is formed by selecting 

10 in advance a chord whose frequency is 400 Hz or more even in a low range as note data 
to be stored. In a case where melody data is downloaded via the Internet after the user 
purchased the cellular phone, and stored in the melody memory unit 85, or in a case 
where melody data is transferred via e-mail after the user purchased the cellular phone, 
and stored in the melody memory unit 85, scale correction software is stored in the 

15 memory 80 so that the CPU 60 shifts the scale of the note data and thereby makes the 
frequency become 400 Hz or more, as shown in Fig. 7. Specifically, the CPU 60 reads 
note data (S 101) to determine whether the note data includes a note whose scale is lower 
than A3 (SI 02). If the answer is Yes, the CPU 60 steps up the whole note data to be 
reproduced with the tone of the selected musical instrument by a half step (frequency 

20 shift) (SI 03), and determines again whether the note data includes a note whose scale is 
lower than A3 at the step SI 02. If the answer is Yes, the CPU 60 repeats the steps SI 03 
and SI 02 of stepping up the note data by a half step and determining again whether the 
note data includes a note whose scale is lower than A3. If the answer is No, the CPU 60 
proceeds to setting operation (S104). The set note data is stored in a predetermined area 

25 in the melody memory unit 85. Thus, all of the note data to be reproduced falls within a 
range of 400 Hz to 8 kHz. Therefore, electric power consumed by the speaker 40 is not 
wasted, and the level of the input signal can be increased within a range of allowable 
input power values of the speaker 40. It is not necessary to lower the level of the input 
signal even when the melody is to be reproduced with a chord because the inputted note 

30 data falls within a frequency range of 400 Hz to 8 kHz. 

According to the first embodiment, especially in the case of a melody with 
a few low-pitched parts, most of the note data falls within a frequency range of 600 Hz to 
5 kHz even when the melody is accompanied by a chord. Therefore, the electric power of 



the input signal can be efficiently converted into sound energy, thereby making it possible 
to reproduce the melody at a high sound volume level. In addition, even when the low- 
pitched parts are accompanied by a chord, the note data falls within a frequency range of 
400 Hz to 8 kHz. Therefore, all of the chord notes can be reproduced, thereby producing 
5 agreeable, natural sound and allowing the user to hear high-quality receiving sound. 

A second embodiment of the present invention will be described with 
reference to Figs. 8 and 9. In the second embodiment, provided note data includes a 
plurality of musical parts. Therefore, as shown in Fig. 8, a part is first selected (S201), 
and then note data included in the selected part is read (S202) in order to perform energy 

10 analysis, that is, analyze frequency components of the note data (S203). Then, whether 
the note data is to be stepped up or not is determined, depending on the result of the 
analysis. In the second embodiment, the distribution of frequency components of the note 
data is analyzed after the note data is read, as shown in Fig. 8. For example, analysis is 
performed by determining the distribution of notes at each scale. As shown in Fig. 5, the 

1 5 speaker 40 is capable of outputting an input signal in the form of sound waves in a 

frequency range between fcl, the lowest frequency, and fc2, the highest frequency, where 
fcl is 400 Hz, and fc2 is 8 kHz, for example. Based on the result of the analysis of 
fi-equency components, the proportion of the whole note data occupied by notes having a 
frequency fcl or lower is calculated to determine whether the proportion is more than 

20 60% (S204). If the proportion of the whole note data occupied by notes having a 
frequency fcl or lower exceeds 60%, most of the sound will not be reproduced. 
Therefore, the note data is stepped up when the proportion of the note data occupied by 
notes having a frequency fcl or lower is more than 60% (S205). As in the case of the 
first embodiment, the whole note data included in the selected part is stepped up by a half 

25 step, and the steps S205 and S204 are repeated until the proportion of the note data 
occupied by notes having a frequency fcl or lower becomes less than 60%. If the 
proportion of the note data occupied by notes having a frequency fcl or lower becomes 
less than 60%, scale setting operafion is performed (S206). Then whether there is another 
part or not is determined (S207). If there is another part, the processing retums to the step 

30 S201. If there is no other part, the processing ends (S208). Accompanying parts in a low 
range often fall outside of the low range that can be reproduced by the speaker especially 
when the melody signaling receipt of a call includes a chord. This tendency becomes 
more obvious as the number of accompanying parts is increased. In the second 
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embodiment, when there are a large number of accompanying parts, distribution of 
frequency components of note data is analyzed for each of the parts, and whether the note 
data is to be stepped up or not is determined for each of the parts. For example, if there 
are three accompanying parts other than the melody part, and one of the three parts in a 
5 low range, such as an acoustic bass, falls outside of the low range of the speaker, as 

shown in Fig. 9(a), only that part is stepped up until it reaches a state shown in Fig. 9(b) 
so that all of the parts exist within the range that can be reproduced by the speaker. An 
audio signal for each of the parts is controlled by the control means in such a way that the 
audio signal is reproduced with predetermined timing. The timing is set in such a manner 

10 as to make the person hearing the melody perceive the chord. More specifically, the 

timing is set in such a manner as to make the audio signals simultaneous, or make a time 
difference between the audio signals controlled to such a degree that the audio signals are 
perceived as simultaneous. This makes it possible for the user of the cellular phone to 
enjoy a melody with a chord. It is to be noted that if distribution of frequency 

15 components of note data falls way outside of the low range of the speaker, the note data 
may be stepped up not by a half step but by a whole step or more. 



a frequency of 400 Hz or lower at a rate of more than 60% is increased especially when a 
melody has three accompanying parts, which is called a four-chorded melody, or a 

20 melody has more than three accompanying parts. In this case, the resulting sound may be 
monotonous if all of the parts are stepped up to more than 400 Hz. In such a case, a 
melody can be reproduced in a wide range by using a speaker capable of reproducing a 
wider frequency range or, for example, a speaker capable of reproducing a low range 
down to 200 Hz, and determining for each part whether the note data is to be stepped up 

25 or not by using 200 Hz as a criterion for judgment. Specifically, it is possible to 

reproduce sound down to a scale chord A2, and therefore it is possible to widen the 
reproducible range by one octave as compared with the case where 400 Hz is used as a 
criterion. 



30 parts such as an acoustic bass, whose sound is distributed in a low range at a rate of 70% 
to 80%, by stepping up the note data. As for an accompanying part played by a musical 



The possibility that an accompanying part in a low range includes sound at 



This makes it possible to reproduce most of the sound of accompanying 



instrument producing a wide-mg^Tsound, the proportion of the note distribution of the 
accompanying part that falls outside of the low range of the speaker is small, and 




therefore the note data is not stepped up. Thus, it is possible to prevent the sound of the 
accompanying part on the high range side from falhng outside of the reproducible range 
of the speaker after steppe^^^^y^herefore, in the second embodiment, most of the sound 
of each part can be contained within the reproducible range of the speaker even when the 
number of chord notes is increased. 

The preceding has been a description of the preferred embodiment of the 
invention. It will be appreciated that deviations and modifications can be made without 
departing from the scope of the invention, which is defined by the appended claims. 



